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 Ductile	 damage	 mechanics	 is	 essential	 to	 predict	 failure	 during	 cold	 metal	 forming	 applications.	 Several	
damage	models	can	be	found	in	the	literature.	These	damage	models	are	coupled	with	the	mechanical	behavior	so	as	to	
model	the	progressive	softening	of	the	material	due	to	damage	growth.	However,	the	identification	of	damage	parameters	
remains	an	 issue.	 In	 this	paper,	an	 inverse	analysis	approach	 is	setup	 to	 identify	ductile	damage	parameters,	based	on	
different	kind	of	mechanical	tests	and	observables.	The	Lemaitre	damage	model	is	used	and	damage	is	coupled	with	the	
material	 behavior.	 The	 Efficient	 Global	 Optimization	 (EGO)	 method	 is	 used	 in	 a	 parallel	 environment.	 This	 global	
algorithm	based	on	kriging	metamodel	enables	the	identification	of	a	set	of	damage	parameters	based	on	experimental	
observables.	Global	 and	 local	 observables	 are	 used	 to	 identify	 these	 parameters	 and	 a	 special	 attention	 is	 paid	 to	 the	





During	cold	metal	 forming	operations,	 the	material	 is	 submitted	 to	 large	plastic	 strain	and	multiaxial	 loadings	
that	can	potentially	lead	to	ductile	damage	growth	and	final	fracture.	In	order	to	obtain	accurate	and	robust	results,	
the	 identification	 of	 damage	 parameters	 is	 essential.	 Damage	 parameters	 identification	 is	 often	 performed	 using	
tensile	 tests	 loaddisplacement	curves.	This	single	global	observable	 is	not	rich	enough	to	 identify	a	unique	set	of	





software	 (MOdular	 Optimization	 software	 for	 Parameters	 Identification),	 developed	 at	 CEMEF	 in	 the	 CimLib	
library	 and	 dedicated	 to	 optimization	 issues.	 Using	 MOOPI,	 identification	 can	 be	 achieved	 using	 multiple	
mechanical	tests	and	the	inverse	analysis	can	be	done	with	different	finite	element	software.	




In	 the	 third	 part,	 a	 methodology	 based	 on	 full	 field	 measurements	 is	 presented.	 It	 is	 shown	 that	 using	
displacement	 fields	 enable	 to	 enrich	 the	 experimental	 database	 and	 to	 converge	 towards	 a	 unique	 solution	 of	 the	
identification	procedure.	
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software	 is	 able	 to	work	with	multiple	 experimental	 observables	 and	multiple	mechanical	 tests.	The	optimization	
procedure	gives	two	main	informations:	the	set	of	identified	parameters	and	a	map	of	the	objective	function	all	over	






this	 section,	 the	 loaddisplacement	 curve	 of	 a	 tensile	 test	 is	 the	 observable.	 When	 damage	 grows	 during	 the	
mechanical	 loading,	 the	 loaddisplacement	 curve	 decreases	 due	 to	 the	 progressive	mechanical	 degradation	 of	 the	
material	 properties.	 This	 is	 obtained	 numerically	 by	 coupling	 damage	 growth	 with	 the	 elastoplastic	 mechanical	
behavior.	In	this	paper,	the	Lemaitre	damage	model	is	used.	This	model	will	be	briefly	described	in	the	first	section.	
In	a	second	part,	it	is	shown	that	the	definition	of	the	cost	function	has	to	be	carefully	managed,	in	particular	when	









Minimization of EI 
criterion by Evolution 
Strategy 
Initialisation by D.O.E. 
EF Computation 
Kriging Meta-model 
f m+1,  f m+2 , … , f m+n  
N Exact evaluation 
EF Computation 














In	 this	paper,	 a	modified	version	of	 the	Lemaitre	ductile	damage	model	 is	 used	 [2].	The	Lemaitre	model	 is	 a	
damage	model	 coupled	 to	 plasticity	 based	 on	 continuum	 damage	mechanics	 [3].	 A	 scalar	 damage	 variable	&	 is	
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In	 this	 section	we	 focus	on	an	 inverse	analysis	 identification	 strategy	based	on	conventional	mechanical	 tests.	
Inverse	analysis	deals	with	the	minimization	of	a	cost	function.	This	cost	function	evaluates	the	gap	between	data	
coming	from	experimental	mechanical	tests	and	from	numerical	simulations	of	the	mechanical	test.	Formulation	of	
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multiple	 set	of	damage	parameters	can	 reproduce	accurately	 the	experimental	observable.	This	nonuniqueness	of	
the	inverse	problem	solution	is	illustrated	in	figure	3,	which	corresponds	to	the	response	surface	of	a	cost	function	
calculated	on	a	tensile	loaddisplacement	curve	for	a	EN	AW5774[AlMg3]	aluminum	alloy.	This	response	surface	
exhibits	 two	minima.	Parameter	0	 is	 the	most	difficult	parameter	 to	 identify.	This	response	surface	shows	that	 the	
inverse	 problem	 has	 not	 only	 one	 solution	 with	 this	 single	 loaddisplacement	 observable.	 Therefore,	 it	 can	 be	
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In	order	 to	find	a	single	minimum	of	 the	cost	 function,	 it	 is	necessary	 to	enrich	 the	experimental	observables.	
This	can	be	achieved	using	different	methodologies:	
• The	 cost	 function	 can	 be	 based	 on	 several	 experimental	 loaddisplacement	 curves	 (global	 observables)	
obtained	using	different	mechanical	tests:	tensile	tests	with	different	specimen	geometries	can	be	used	(flat,	




























enrich	 the	 identification	 [6].	 The	 displacement	 field	 is	measured	 on	 one	 face	 of	 the	 sample	 by	 two	 dimensional	












use	 as	 boundary	 condition	of	 the	FE	 simulation.	The	 aim	 is	 to	 reduce	 the	 size	 of	 the	modeling	 area,	 in	 order	 to	




to	 take	 care	 of	 large	 strain.	The	objective	 function	 have	 thus	 to	 account	 for	 large	 displacements.	The	 aim	of	 the	
objective	 function	 is	 to	 compare	 at	 each	 time,	 the	 numerical	 displacement	 field	 (
 )	 and	 the	 experimental	
displacement	 field	 (
exp ).	The	major	 problem	 in	 the	 computation	of	 the	 objective	 function	 is	 that,	 under	 large	
strain,	 the	numerical	 sample	 shape	and	 the	experimental	 sample	 shape	are	different.	This	difference	 is	due	 to	 the	
difference	in	terms	of	mechanical	behavior.		Consequently,	the	objective	function	has	to	be	computed	with	the	two	
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